ABSTRACT: Banana plantlets obtained by micropropagation need to be submitted to a period of acclimatization since they do not use light, water, and nutrients in an efficient way. The acclimatization must be carried out under greenhouse conditions where temperature, light, and air humidity are adequate for a gradual hardening of the plantlets. In this study, the development of banana plantlets was evaluated during acclimatization under a full light condition including covered surfaces with red shade cloth (70%, 50%, and 30% shade) and black shade cloth (50% shade), both under a transparent plastic film of 100 µm. Temperature, relative air humidity, irrigation, and nutrition conditions were also controlled. Physical and physiological parameters were recorded at various stages in the greenhouses after three, six, and nine weeks and also after seven weeks of transplanting to field conditions. Treatments were hierarchically graded according to their statistic classification. Combined results indicated superior outcomes of plantlets maintained under black 50% shade cloth for nine weeks, both in the summer and winter seasons. Similar results, but in a shorter time, were obtained with plantlets cultivated under red 70% shade cloth, for six weeks in the summer. Key words: Musa sp., greenhouse shading, greenhouse climate, ranking
INTRODUCTION
Banana plantlet (Musa sp.) acclimatization can be divided into two phases. In the first, in vitro plantlets are transferred to controlled environments (greenhouse or box shade, under the conditions of 20 to 28°C, 80 to 90% RH, and 70% shade cloth) for a three to six-week period. In the second phase, plantlets are shifted to trays, pots or bags, under 50% shade, in a temperature range from 18°C to 34ºC, and a relative humidity higher than 75%, for a gradual hardening (Souza et al., 1997; Hoffmann, 2002) . When plantlets reach 25-30 cm height they are considered acclimated and become available to the market (Silva et al., 1999) .
During plant acclimatization under gradual light intensity, leaves present a darker green color due to mesophyll cell differentiation and increases in pigment content (Sandoval et al., 1994) . Alterations in synthesis and degradation of pigments (Donnelly & Vidaver, 1984; Zaffari et al., 1998) and increases in chlorophyll with the reduction of sun light (Israeli et al., 1995) are also verified. Increases in chlorophyll content are observed depending on the environmental conditions during acclimatization (Pospisilová et al., 1999) . Environments with 50 to 60% shading for three to six weeks and with a fine atomization system with water during the first week are required in the first phase, decreasing by 30 to 50% in the second phase (hardening) during acclimatization of micropropagated banana plantlets cv. Grande Naine (Marie, 1995) . Light intensity is controlled with black shade clothes, in a linear way only, through the light spectrum, i.e., no differences in transmittance in the PAR range. Colored shade clothes aim to combine physical protection and light filtering, resulting in vegetative growth, productivity, precocity, quality, and maturation velocity gains for apple and peach trees (Shahak et al., 2004) . The objective of the present work was to evaluate the development of micropropagated banana plantlets under different shading intensities and periods of acclimatization (or hardening), under fixed temperature and relative humidity air conditions.
MATERIAL AND METHODS
The experiment was installed in Campinas, SP, Brazil (22º48' S, 47º03' W, 640 m asl). The summer period was considered from December to April, 2005, while the winter period from June to October, 2005. Micropropagated Grande Naine plantlets measuring 10 to 12 cm height, ex-vitro pre-acclimated, and maintained under 70% shading, 20 to 25°C, and Relative Humidity (RH) higher than 80%, for four to six weeks, was the experimental material.
Five mini-tunnel greenhouses were installed in an east-west orientation (2.0 m width, 10.5 m length, and 2.0 m total height) with a 2.0 m spacing among them, externally covered with 0.1 mm width Low Density Polyethylene Film -LDPF, complemented against ultraviolet radiation (UV) and internally, in four of them, with different shade clothes, where incident radiation interception values were determined by a spectro radiometer with the accessory "External Integrating Sphere." Transmittance values through the spectrum are shown in Figure 1, Each environment had a workbench of 6.24 m length, 2.0 m width, and 2 cm thickness, with 24 trays placed over each one (three per block) with 24 plantlets each, placed in the center of the structure and with 2.13 m limit from its east and west extremities, a large enough distance to avoid the direct sunlight incidence (Leal, 2003) , totalizing 576 plantlets (192 belonging to treatments).
For water and nutrient supply (eight mist sprayers 40 L h -1 by 2.5 kgf cm -2 ) two daily irrigations of 0.024 L per plant were performed with pure water and, after every 6 th mist spray fertirrigations were applied, alternating MAP (monoammoiumphosphate), calcium nitrate, and potassium nitrate (100 g 100 L -1 ). Preventive phytosanitary treatments were also made every 15 days with Mancozeb (800 g kg -1 -48 g 16 L -1 ) and every seven days with Deltamethrin (25 g L -1 -50 mL 100 L -1 of water).
Temperature was controlled with five pad fan evaporative coolers (one for each environment) at 28/ 25°C (On/Off), and humidity was controlled with day nebulization (6 seconds intermittence every 40 seconds). Aiming to keep the relative air humidity at the desired levels, a nebulization system (five lines with five fog systems each, 7 L h -1 , 4 kgf cm -2 ) was installed. Dry and wet bulb air temperatures were monitored by three aspirated psychrometers installed in each greenhouse connected to a data acquisition system for daily reads in a 60 seconds partition. Figure 2 shows each environment with all above cited systems. Light intensity measurements with two sensors (for PAR and total solar radiation measurement) connected to another data acquisition system were made in two distinct insulation situations (open and cloudy sky) at 9h00, 12h00, and 15h00, for three days randomly chosen throughout the course of the experiment. For external environment comparison, another identical set was simultaneously installed outside each environment. Instantaneous data on the irradiance simultaneously inside and outside the greenhouses is related by Frisina et al. (2000) .
Distinct acclimatization periods were studied as follows: P1 -Period 1: Three weeks counted from the tray division and the beginning of the acclimatization process in each environment. Acclimatization beginning on 12/15/04 and ending on 01/06/05 (summer experiments) and from 06/22/05 to 07/13/05 (winter experiments); P2 -Period 2: Six weeks, from 12/15/04 to 01/27/05 (summer experiments) and from 06/22/05 to 08/03/05 (winter experiments); P3 -Period 3: Nine weeks, from 12/15/04 to 02/17/05 (summer experiments) and from 06/22/05 to 08/24/05 (winter experiments). On days 21 st (P1), 42 nd (P2) and 63 rd (P3), out of the eight useful plants of each experimental parcel, three were designated for development analyses (Figure 3 ), according to the description that follows.
Two useful plantlets were removed from the substrate for the following physical determinations: PH -plant height (starting from the plantlet base to the vertex of the hem of the most recently open leaf; PD -diameter at the base of the pseudostem; NL -number of expanded leaves; LA -leaf area, using the software SIARCS ® (Jorge & Crestana, 1996; Vieira-Júnior et al., 1998) ; RL -root length; fresh mass of the "aerial part" portion (FMAP), of the rhizome portion (FMRI) and root portion (FMRO).
The last two useful plants were destined to the following biochemical determinations: TSS -Total Soluble Sugars (McCready et al., 1950; Dubois et al., (Lichtenthaler, 1987) ; Y -chlorophyll fluorescence by a Photosynthesis Yield Analyzer represented by the "Yield" factor, which is the relation between presented fluorescence and that estimated for non saturated light (Genty et al., 1989) .
Immediately after each period, three experiments for plantlet development in field conditions were installed by random casualizated blocks. Each one with five treatments (environments), eight blocks, and three useful plants/parcel spaced 0.5 m apart as follows: The planting was made in 15 cm × 15 cm holes with no fertilization because of the short period available for evaluation. Weeds were controled using two manual weedings. The irrigation misting system (eight devices) supplied a 12 mm daily lamina (two periods of 30 minutes). The evaluation of the same cited parameters, except for FMRI and FMRO portions, was made on the 49 th day (seven weeks), a long enough period for plant establishment in the field.
The statistical analyses were performed in groups using the statistical package SAS â -8.0 involving five environments and three periods. Results were submitted to ANOVA and the means compared by the Tukey test (p < 0.05). Due to the considerable number of parameters with expected different results and aiming to establish a general evaluation capable of considering all of them together, treatments received points according to a hierarchic performance ordination. A similar classification to that of Caliari & Silva (2001) was considered, based on the statistical values (statistical classification) used in the classification of corn seed lots, according to applied viability tests. For each variable, the punctuation was represented by the sum of positive or null points (number of statistically inferior treatments) with the negative or null points (number of statistically superior treatments), as a mean of the balance. According to this methodology, initial gains during the acclimatization periods in the greenhouse and the development under field conditions were considered. The influences of each environment, positive or not, could be verified and quantified not only in the acclimatization phase but also in the field.
RESULTS AND DISCUSSION
The classification obtained among the environments, in both summer and winter experiments (Table  1) , indicates worse plantlet performances in less shaded environments (E5 and E4), independently of the considered acclimatization period. These results are in agreement with Silva et al. (1994) who mention sunlight fractioning as a factor that improves the efficiency of acclimatization; Hoffmann (2002) For an easier visualization and interpretation, Table 3 summarizes the classifications obtained in each of the situations, in which it is possible to verify through the analyses of periods (Table 2) , independently of environment and season to which the plantlets were exposed, the three-week period (P1) was systematically inferior to the other ones. The nine-week period (P3) was the best, while the six-week period (P2) presented an intermediary performance, except for the environment E1 in the summer, which only in this case was the best for plant acclimatization.
For the environment analysis (Table 1) , E2 (black shade cloth) and E3 (red shade cloth), despite presenting similar shading in their commercial classification, presented a differentiated reduction in transmittance in the PAR range (Figure 1 ) in which the red shade cloth shows lower reduction under wavelengths from 570 nm, the spectrum range that corresponds to variations from orange to red (Hanan, 1997) . Such differentiation was not converted in comparative advantages, since it was always possible to verify the superiority offered by the black shade cloth. Despite the fact that the red shade cloth transmits more radiation in the range from 610 to 720 nm (strong photosynthetic activity by chlorophyll and carotenoids absorption - Taiz & Zeiger, 2004) than the black shade cloth (Figure 1) , such difference did not promote an increase in the content of these pigments. Instead, E2 plants had contents that were never inferior to those of E3. Likewise, decreases in chlorophyll content are associated to environment stress factors (Hendry & Price, 1993) . This fact was verified during the greenhouse experiments, in which the less shaded surroundings that offer more stressed conditions present lower levels of this pigment.
Considering that the yield variable represents the performance of the effective conversion of photochemical energy in photosynthesis and reflects the general efficiency of this process (Genty et al., 1989) , lower quantum yields verified in the less shaded environments can be considered a good indicative of plant stress. Table 1 -Punctuation for the sum of the greenhouse and field phases obtained through the statistical classification among the environments (E1 to E5) for each period (P1 to P3) of banana plantlet acclimatization during the summer and winter experiments. The superiority of environment E1, verified during the P2 period in summer, might be an interesting alternative for saving time in the process. However, such superiority has not been confirmed in the winter, which denotes that its comparative advantages are inferior when compared to the influence of lower thermal offer and intensity of incident radiation, common in this season. Discarding the P1 period of three weeks, since it always presented an inferior classification, not only in the summer but also in the winter, the analyses among the red shade cloth environments E1, E3, and E5 permit the establishment of a decreasing gradient of performance, which is in agreement with the information given by Silva et al. (1994) , Hoffmann (2002), and Pospisilová et al. (1999) .
Finally, it is noteworthy to assert that in none of the treatments there was occurrence of plant death (useful or borders) under any of the conditions, whether greenhouse, field, winter or summer. It is a fact verified by Lisei de Sá & Braga (2002) , who have not found loss in banana plantlets cv. Prata-Anã acclimatization, 3 and 6 cm tall, which is an inferior range when compared to the initial material used in this work (between 10 and 12 cm). Pereira et al. (2005) verified a mortality index of zero and 1.43% in plants of this cultivar, under shade cloth acclimatization at the 15 th and 30 th day, respectively; theses indexes are considered low due to the in vitro and ex vitro condition to which the plantlets were submitted (Pospisilová et al., 1999; Sutter, 1998) .
CONCLUSIONS
The use of black 50% shade cloth during a nine-week period presented the best results for the second phase of acclimatization of micropropagated banana plantlets cv. Grande Naine, under summer and winter conditions. Aiming to reduce the acclimatization phase to six weeks, a red 70% shade cloth can be used during summer. Lower rank results were found in environments with a 50% lower shading, being therefore not recommended. 
